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ether extracts of the aqueous phase. M ost  o f  the diol mixture (1.09 g, 
84 %) was found in the precipitate. After drying ( M g S 0 4) and removal  
o f  solvent, the crude diol mixture (1.22 g, 93% ) was obtained.
Separation o f diols
This was effected (700 mg product per column) using silica (150 g; 
W oelm , 1 0 0 -2 0 0 ,  aktiv) in a 42 cm x 39 mm column. A slurry o f  
silica in hexane was poured into the column. Eluents were  
hexane/EtO A c: 9/1 (200 ml), 4/1 800 ml), 7/3 (3000 ml), 3/7 
(1000 ml). M ore polar eluents cause exothermic reaction with silica, 
moderated by external cooling to 5 - 1 0 ° C  using a wet ice-cold cloth.
The order o f  elution was diol 2 (235 mg, 34% ) followed by diol 3 
(310 mg, 44% , both after purification). Total yield from the column  
was 86%; o f  pure diols 78%. Each diol show ed only one TLC  spot. 
Svn,svn-D'\o\ 2: m.p. 121—1220C (pentane). IR CHC13): 3605, 3400,  
2 9 4 0 ,2 8 7 0  c m - 1. 'H N M R  (CDC13): 1 .19-1.27 ( m , 40 C H 2); 1 .9-2.5  
(m, 8 C H X H O H ) ;  4.28 (m, 2 C H O H ).  M S: 420 (2, M + ); 402 (23); 
384 (100). M.W. C 28H 520 2 calcd.: 420.7176; found: 420.4038.  
Syn .an ti-Diol 3: m.p. 3 7 ° C  (ether/hexane). IR (CHC13): 3690, 3610,  
3 4 1 0 ,2 9 1 5 ,2 8 8 0  c m " 1. 'H N M R  (CDC13): 1.27-1.51 (m, 40 C H 2);
1 .83-2 .08  (m, 8 C H 2C H O H );  4.17 (m, 1 C H O H );  4.49 (m, 1 
C H O H ).  MS: 420 (5, M + ); 402 (100); 384 (20). M.W. found: 
420.4080.
Reel. Trav. Chim. Pays-Bas 105, 2 5 5 -2 6 1  (1986) 0 1 6 5 -0 5 1 3 /8 6 /0 9 2 5 5 -0 7  $2.25
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Abstract.The synthesis of polymers of isocyanides having stacks of donor and acceptor functions in 
their side-chains is described. These side-chains are based on the betaine compounds used by Dimroth 
et al. for the construction of their E T scale of solvent polarity. The UV-VIS spectra of the polymers 
together with those of the low-molecular-weight model compounds are discussed.
Introduction
Polymers of isocyanides, [ R - N  = C ]„, also called poly- 
(iminomethylenes) or poly(carbonimidoyls), have been a 
subject of investigation in our laboratory for several years1. 
Much attention has been paid to the configuration of these 
polymers. We have found that they possess a rigid, rod-like, 
helical configuration with approximately four R - N  = C units 
per turn (Fig. 1).
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Fig. 1. View along the helical axis of a polymer molecule with 
a right-handed screw sense (unit 5 is behind unit 1, etc./
Consequently, the substituents are arranged in four stacks 
parallel to the axis of the molecular rod. The periodicity in 
such a stack is ~0.4 nm (Fig. 2).
Fig. 2. Configuration of polyf(l-phenylethyl)iminomethyleneJ ; 
side view of one stack.
If R = ArCR'R2- ,  with R 1 and R2 being either H or CH3, 
molecular models indicate that the perpendicular distance 
between the aromatic rings is less than 0.4 nm, viz. approxi­
mately 0.36 nm.
* Dedicated  to Prof. Dr. Th. J. de Boer on the occasion  o f  his 
retirement from the chair o f  organic chemistry at the University  
o f  Amsterdam.
1 W. Drenth and R. J. M. Nolte, Acc. Chem. Res. 12, 30 (1979); F. 
Millich, Macromol.  Rev. 15, 207 (1980).
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Oostveen2 synthesized polymers of isocyanides with pyri- 
dinium iodide in their side-chains. In these polymers it was 
possible to establish the occurrence of charge transfer 
between the I “ donor and pyridinium acceptor groups. By 
copolymerizing monomers having short and long side-chains, 
polymers with cavities were created. It was found that in­
sertion of a separate donor molecule into such cavity appreci­
ably facilitates electron transfer from this donor to the 
pyridinium acceptors (Fig. 3).
Results and discussion
acceptor
acceptor
Fig. 3. Schematic representation o f a donor molecule sand­
wiched between acceptor functions in a poly(iminomethylene).
Our present work is an elaboration on this sandwiching of 
donor and acceptor functions. We designed a type of polymer 
in which a continuous sandwich structure is present along the 
whole length of the polymer chain. Inspiration for this also 
came from the fact that crystalline organic photoconductors 
show a high degree of stacking3. In these photoconductors, 
the distance between the molecules, which usually have a 
planar disc-like shape, amounts to approximately 0.34 nm. 
We based our system on the compounds used by Dimroth and 
Reichardt4, which had earlier enabled them to construct a 
scale of so-called E r  constants of solvent polarity.
Fig. 4. Basic building block o f the compounds with internal 
charge transfer, applied in the construction o f the E r  scale.
The molecules of these compounds show internal charge 
transfer. If such molecules are part of a poly(iminomethylene) 
chain, a situation will exist as is shown in Fig. 5.
Fig. 5. Stack o f “Dimroth/Reichardt" molecules in a poly 
(iminomethylene).
Upon irradiation, an efficient charge transfer could occur in 
this sort of configuration. By using CPK models, we were able 
to show that this spatial orientation is possible.
Synthesis
The type of monomeric pyridinium compounds mentioned in 
the Introduction can be synthesized from a pyrylium salt and 
ah appropriate amine ( 7 - » 8, Scheme 1, and 13->14, 
Scheme 2). If the pyrylium part or the amine moiety includes 
a keto function, this group will be able to act as a suitable 
precursor for an isocyanide. These two possibilities are 
depicted in Scheme 1 for polymer 12, and in Scheme 2 for 
polymer 18. respectively.
The synthesis of polymer 12 started from 4'-bromo- 
acetophenone (1). The keto group of this compound was 
protected by 1,2-ethanediol5. The protected bromide 2 could 
be converted into the Grignard reagent (3b) as well as into 
the lithiated product (3a). The latter compound was pre­
viously used in our laboratory as a potent reagent in the 
synthesis of substituted phosphines5. The compound used to 
react with 3a or 3b is 2,6-diphenyl-4-pyranone (6 ), which was 
prepared by treating 1-phenyl-1,3-butanedione with sodium 
hydride and methyl benzoate to give 1,5-diphenyl-1,3,5-pen- 
tanetrione (5), followed by treatment with concentrated sul­
phuric acid.
Reaction of the 4-pyranone with 3a or with 3b followed by 
treatment with HBF4, gave the pyrylium salt 7. We preferred 
using the lithium over the Grignard reagent, since it gave a 
cleaner product and a somewhat higher yield. Reversed 
addition of the reagents did not noticeably affect the results. 
In the condensation of pyrylium salt 7 with 4-methoxyaniline 
we followed a method generally used for such couplings4,6. 
Using this method, the pyridinium tetrafluoroborate 8 could 
be obtained in a good yield. We used 4-methoxy- instead of 
4-hydroxyaniline because of the expected interference by an 
unprotected phenolic OH in the next steps. The conversion 
of ketone 8 into formamide 9 was achieved by using a 
Leuckart reaction with formamide and formic acid7. In this 
way, we were able to start with a homogeneous reaction 
mixture. In the alternative Leuckart procedure, when the 
reaction is carried out in melted ammonium formate, no yield 
at all was obtained, probably due to the (initially) low 
solubility of the starting ketone in the applied medium. 
Treatment of formamide 9 with phosphorus oxychloride, in 
the presence of an excess of jV-methylmorpholine in acetoni- 
trile, gave isocyanide 10. The work-up of this reaction was 
carried out without using water. Yields were lower when 
methylene chloride was used as solvent and diphosgene 
(C1C02CC13) instead of phosphorus oxychloride as dehy­
drating agent. Isocyanide 10 could be polymerized very easily 
using a catalytic amount of NiCl2 -6H20.  In the resulting 
polymer, the methyl ether group was removed by treatment 
with boron tribromide. This reaction was performed using 
methylene chloride as solvent. The resulting product partly 
precipitated in this medium. Addition of methanol and 
water allowed the polymer to be collected as a yellowish 
brown solid in its conjugated acid form. Treatment of this 
solid with an excess of base gave, after work-up, an insoluble 
black-brown powder. Elemental analysis and IR spectro­
scopy revealed the presence of about 4 molecules of water per 
repeating unit in the product, even after drying in a vacuum
2 E. A. Oostveen and W. Drenth, Reel. Trav. Chim. Pays-Bas 102, 
35 (1983).
3 W. Wiedemann, Chem. Ztg. 106. 275, 313 (1982).
4 Ch. Reichardt and K. Dimroth, Fortschr. Chem. Forsch. 11, 1 
(1968); K. Dimroth et al., Liebigs Ann. Chem. 661, 1 (1963).
5 A. J .  Naaktgeboren, Thesis ,  Utrecht, 1981; A. J .  Naaktgeboren, 
R. J. M. Nolte and IV. Drenth, Reel. Trav. Chim. Pays-Bas 97, 112 
(1978).
6 P. Plieniger and H. Baumgartel, Liebigs Ann. Chem. 860 (1983).
7 M. L. Moore, Org. Reactions 5, 316 (1949).
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over P2O s. It is known that the low-molecular-weight betaine 
analogues also retain large amounts of crystal water, even in 
high vacuum at elevated temperatures4.
The synthesis of polymer 18 (Scheme 2) started from 
4-methoxybenzaldehyde, which was treated with acetophe- 
none and phosphorus oxychloride followed by treatment 
with fluoroboric acid. The pyrylium salt (13) thus obtained 
was condensed with 4-aminoacetophenone to give py­
ridinium tetrafluoroborate 14. In this reaction, the same 
standard conditions were used as in the conversion of 7 ->> 8 
(Scheme 1).
In the next reaction step, namely the reductive amination of 
the ketone to give formamide 15, a longer reaction time was 
required than in the corresponding synthesis of 9 (Scheme 1 ).
In this case also, formamide and formic acid were used as 
reagents. Half-way through the reaction, the mixture was 
worked up and new reagents were added. The use of 
ammonium formate as the sole reagent gave no results, as 
was also the case in the conversion of 8 to 9.
Conversion of formamide 15 into isocyanide 16 was per­
formed under standard conditions, i.e. with phosphorus 
oxychloride as dehydrating agent, jV-methylmorpholine as 
base and methylene chloride as solvent. The isocyanide was 
polymerized with 1 mol % nickel chloride using chloroform 
as solvent. Only after heating the mixture at 55 °C for one 
week could complete conversion be achieved. Apparently, 
the rate of polymerization of 16 is lower than that of 10. The 
deprotection of the phenolic group in polymer 17 could be
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achieved using boron tribromide, as was the case for polymer 
12. Isolation from a basic medium gave a deep-red powder 
which was only slightly soluble in alcohol but not in chloro­
form, toluene or straight-chain alkanes.
Physical properties
Polymer 12 is insoluble in most of the common solvents, 
whereas polymer 18 is sparingly soluble in alcohols. The 
absorption spectra of the alcoholic solutions of 18 are shown 
in Fig. 6. In methanol, the spectrum shows a strong band 
below 210 nm and another at 455 nm with e455 being in the 
order of magnitude of some ten thousands. An accurate value 
of s cannot be obtained because of the low solubility of the 
polymer. The longest wavelength band is shifted to 460 nm 
in ethanol, to 480 nm in isopropanol and to 500 nm in the less 
polar solvent tert-butanol. A sample of the methanolic 
solution of the polymer gave, after evaporating until dry and 
partially redissolving in tert-butanol, a spectrum which was 
identical to that of the original tert-butanol extracts. There­
fore, no selective dissolution takes place, at least not to such 
an extent as to explain the observed spectral differences. 
When the alcoholic solutions of the polymer were treated 
with HC1 gas, the colour, ranging from yellow (MeOH) to 
reddish-purple (/-BuOH), changed to light yellow. The 
absorption band at 445-500 nm disappeared and instead 
absorptions at ~360 nm appeared.
Fig. 6. UV- VIS spectra o f polvmer 18 in MeOH  (------ ), Et OH
(------- ), i-PrOH ( - • - * )  and t-BuOH  (----------).
As a model for polymer 18, compound 19 was synthesized. 
In different alcoholic solutions this compound showed an 
absorption band at 455 (MeOH), 470 (EtOH), 490 (/-PrOH) 
or 505 (/-BuOH)nm, with 8 ~  50000 (Fig. 8). As in the
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19a 19b 19c
Fig. 7. Low-molecular-weight model compound for polymer 18.
polymer, in model compound 19 the absorption band at 
455-505 nm disappeared after treatment with HC1 and a new 
band at ~360 nm ( e ^  30000) became visible. The latter 
band is due to the pyridinium structure 19c, whereas the 
former can be ascribed to the quinone 19b12, indicating that 
the canonical structure 19b predominates over 19a.
wavelength / nm
Fig. 8. UV- VIS spectra of 19 in MeOH  (------ ), EtOH  (------- ),
i-PrOH ( - • - • )  and t-BuOH (--------- ), and of  19 HCl
( ........... ) in these alcohols.
The UV-VIS reflection spectrum of the dry polymer 18 
(Fig. 9) shows two bands in the region 400-600 nm. The 
reflection spectrum of the totally insoluble polymer 12 shows 
a continuous absorption over the whole visible region of the 
spectrum (Fig. 9). A monomeric compound with a structure 
comparable to a side-chain of polymer 12 has been described 
by Dimroth4. Its UV-VIS spectrum shows a band caused by 
a pyridinium transition at 300 nm (e ~  30000) and a charge 
transfer band from the betaine part of the molecule at 
400-500 nm (e ~  2000-3 000). The position of the charge- 
transfer band is strongly dependent upon the solvent used. In 
the region above 600 nm, no absorption occurs. In polymer 
12, absorption is clearly present above 600 nm. We therefore 
tentatively conclude that, in this polymer, a polymeric or 
cooperative effect is present. To date, it is our opinion that 
polymer 12 could be a more promising candidate than 
polymer 18 for the realization of a polymeric photoconductor 
based on stacks of donor and acceptor functions. Conduc­
tivity measurement are currently being carried out in order 
to substantiate this hypothesis.
wavelength /  nm
Fig. 9. Refection spectra of polymers 12 ( 
(--------)•
) and 18
using the diffuse reflection method with M gO as internal standard.  
Starting com pounds were commercial products obtained from 
various companies.
Elemental analyses were carried out by the Elemental Analytical  
Section o f  the Institute for Applied Chemistry T N O ,  Utrecht, The  
Netherlands. The reactions were generally performed under an 
atmosphere o f  dry nitrogen. Solvents used were reagent-grade or 
were distilled prior to use.
4 '-Bromoacetophenone ethylene ketal (2)
4 '-B rom oacetophenone  (1) was prepared from brom obenzene using 
literature procedures8. The ketone was converted into its ethylene  
ketal with 1,2-ethanediol and a catalytic amount ofp-toluenesulfonic  
acid. The water was removed by azeotropic distillation with 
benzene. The product was purified by distillation and subsequently  
crystallized from diethyl ether at - 2 0 ° C ;  yield 80%; b.p. 
1 3 0 - 1 3 3 ° C  ( 2 0 m m )  [lit.5 1 3 4 -1 3 6 °  (28 mm)]. lH N M R  (CC14) 
5 1.50 (s, 3H, C H 3), 3.7 and 4.0 (2 x m, 4H , C H 2C H 2), 7.50 (s, 4H ,  
C6H 4).
2 ,6-Diphenyl-4-pyranone (6)
1-Phenyl-1,3-butanedione (4) and methyl benzoate  were treated  
with sodium hydride using 1,2-dimethoxyethane as a so lvent9. The  
resulting l ,5-diphenylpentane-l ,3 ,5-trione had a m.p. o f  106°C  (lit.9 
1 0 7 -108°C ) .  This com pound was treated with concentrated  
H 2S 0 4 , giving crude 4-pyranone. Yield 95%. Crystallization from 
EtOH gave a pure compound: m.p. 140°C  (lit.9 1 3 9 -142°C ) .  IR 
1650 (CO ) c m - 1 . 'H N M R  (CDC13): 5 6.77 (s, 2H , pyranone ArH),  
7.52 and 7.83 (2 x m, 6H and 4 H ,  2 x C6H 5).
Experimental
'H N M R  spectra were determined on a Varian EM -390 or Bruker 
W P-200 spectrometer. Infrared (IR) spectra were recorded on a 
Perkin Elmer 283 spectrophotometer. UV-VIS spectra were re­
corded on a Perkin Elmer 555 spectrophotometer. The reflection 
spectra were recorded on a Beckman D K -2 A  spectrophotometer,
8 R. Adams  and C. K. Noiler, Org. Synth. Coll. Vol. 1, 109 (1941).
9 M. L. Miles, T. M. Harris and C. Hauser, Org. Synth. 46, 57 
(1966); C. R. Hauser and T. M. Morris, J. Am. Chem. Soc. 80,  
6360 (1958).
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2,6-Diphenyl-4-(4-acetylphenyl)pyrylium tetrafluoroborate (7)
Via 3a. To 12.15 g (50 m m ol)  o f  2 in 100 ml o f  dry ether was added,  
at - 2 0 ° C  over 1 h, 38 ml (55 mmol)  o f  //-butyllithium in hexane.  
After the addition had been com pleted,  the temperature was slowly  
raised to 0 ° C  and the solution stirred for a further l^ h .  Sub­
sequently, the reaction mixture was cooled to - 2 0 CC and 12.45 g 
(50 mmol)  o f  1,5-diphenyl-4-pyranone in 100 ml o f T H F  was added  
dropwise within 5 min. Again, the temperature o f  the red solution  
was raised slowly and the mixture gently refluxed for a few hours. 
M ost o f  the ether and hexane were removed under vacuum. The  
residue was poured into a solution o f  100 ml o f  35% H B F 4 in 200 ml 
o f  water, whereupon a flocky and partly sticky solid separated. The  
mixture was warmed on a water bath for 2 h. After cooling to room  
temperature, the mixture was decanted and tne solid washed a few 
times with water. Addition o f  methanol gave a light-yellow crystal­
line solid, which was isolated by filtration; yield: 45%; m.p. 2 2 8 CC. 
I R ( K B r )  1680, 1620, 1050 c m - 1. 'H N M R  ( D M S O  d6): 8 2.77 (s, 
3H , C H 3), 7 .81-7 .94  (m, 6H, ArH ),  8 .2 6 -8 .3 0  (2 x s, 2H, ArH),  
8 .62 -8 .75  (m, 6H , ArH), 9.23 (s, H, ArH). Anal, calcd. for 
C „ H ly0 2B F 4 : C 68.52, H 4.37, F 17.34; found: C 68.20, H 4.44, 
F 17.61.
Via 3b. An alternative to the lithiated reagent is the Grignard 
analogue. A mixture o f  40 g (16.5 m m o l) o f  2 and 0.4 g (16.5 m m o l) 
o f  magnesium in 40 ml T H F  was refluxed until the magnesium  
dissolved (1 h). This solution was used in the coupling procedure  
with 4 g (16 mmol) o f  the 4-pyranone in 25 ml o f T H F ,  as described  
above for the lithium reagent. The yield o f  the product lay between  
40 and 50%.
4-(4-Acetylphenyl)-l-(4-methoxyphenyl)-2,6-diphenylpyridinium 
tetrafluoroborate (8)
A mixture o f  4.4 g (10 mmol) o f  7. 1.85 g (15 mmol) o f  4-methoxy-  
aniline and 2.7 g o f  sodium acetate in 80 ml o f  ethanol was refluxed 
for 4 h. The mixture initially becam e hom ogeneous and subsequently  
a crystalline precipitate was formed. At the end o f  the reaction, 4 ml 
o f  35% H B F 4 in 20 ml o f  water was added and the mixture was  
cooled to 0°C .  The crystalline solid was separated by filtration, 
washed with ethanol/water, ethanol, and finally with ether. The yield 
o f t h e  w hite-to-pale-p ink  product was 5.0 g (91 %); m.p. 2 1 4 ' C. IR 
(KBr): 1670, 1620, 1050 c m - ' .  'H N M R  ( D M S O - d 6): 5 2.75 (s, 3H,  
C O C H 3), 3.66 (s, 3H. O C H ,) ,  6.80 (d, 2H, ArH), 7 .47-7.59 (m, 12H,  
ArH), 8.26 (d, 2H, ArH), 8.58 (d, 2H, ArH), 8.81 (s, 2H, ArH). Anal, 
calcd. for C 3->H26N O ^ . B F 4: C 70.73, H 4.82, N 2.58; found: C 70.61, 
H 4.82, N 2.41.“
4-[4-(l-Formamidoethyl)phenyl]-l-(4-methoxyphenyl)-2,6- 
-diphenylpyridinium tetrafluoroborate (9)
Ketone 8 (15 g, 27.6 mmol) was dissolved in a mixture o f  25 g o f  
formamide and 100 ml o f  formic acid. The temperature o f  the 
mixture was gradually brought to 170CC and maintained at this 
temperature for 6 h. The reaction mixture was poured out into 
200 ml o f  an aqueous 2% N a B F 4 solution. The product was  
extracted with 3 portions o f  100 ml CHC13 . The combined organic  
extracts were washed with 100 ml o f  water, dried over N a 2S 0 4 and 
evaporated until dry. According to the ‘H N M R  spectrum, the 
resulting thick paste consisted o f  a mixture o f  formamide and ketone  
(2/1). The whole  procedure described above was therefore repeated.  
The resulting, yellow, dry foam was dissolved in a small amount o f  
methanol. Careful addition o f  a small amount o f  dry ether initiated 
crystallization. Yield 14.0 g o f  white crystals (89%); m.p. 
167-169°C .  IR (KBr): 1675, 1625, 1050 c m - 1. 'H N M R  ( D M S O -  
d6): 5 1.48 (d, 3H, C H 3), 3.67 (s, 3H, O C H 3), 5.19 (m, 1H, CH), 6.77 
(d, 2H, ArH), 7 .35-7 .65  (m, 15H, ArH), 8.15 (s, 1H, C O H ),  8.40 (d, 
2H , ArH ),  8.67 (s, 2H , ArH), 8.7 (br, N H ).  Anal, calcd. for 
C 33H , 9N - ,0 - ,* B F 4 - IC H .O H :  C 67.56, H 5.50, N 4.64; found: 
C 67.69, H 5.30, N 4.39.
4-/4-(l -isocyanoethyl)phenyl]-1 -(4-methoxyphenyl)-2,6- 
-diphenylpyridinium tetrafluoroborate (10)
In 25 ml o f  acetonitrile, 1.6 g (3.3 mmol) o f  formamide 9 and 2.0 g 
(20 mmol) o f  N-methylmorpholine were dissolved. At a temperature  
o f  about - 2 0 ° C ,  a solution o f  0.9 g (6 mmol) o f  phosphorus  
oxychloride in 10 ml o f  acetonitrile was added dropwise within 15 
min. The temperature was first maintained for 1 h between -  20 and 
-  1 0 °C, then at 0 ° C  for a further hour, and finally for 1 h at 2 0 CC. 
The reaction mixture was worked up through filtration over neutral 
A120 3 and then evaporated until dry. The residue was chrom ato­
graphed over neutral A l2Q 3 (act. II) using C H C l3/E tO A c (3/1) as
eluent. The pale yellow foam thus obtained was taken up in a small 
quantity o f  methanol. Careful addition o f  ether initiated crystalli­
zation. Yield 1.55 g (78% ) o f  white crystals, m.p. 133—135cC. IR 
(KBr): 2140 (N C ),  1620, 1050 c m " 1. 1H N M R  CDC1,): 5 1.65 (d, 
3H, C H 3), 3.6 (s, 3H , O C H 3), 4.92 (m, 1H, C H ), 6.50 (d, 2H , ArH),
7 .2 -7 .6  (m, 14H, ArH), 7 .7-7.9  (m, 4 H ,  ArH). Anal, calcd. for 
C 33H , 7NX>. B F 4 • l C H 3OH: C 69.64, H 5.33, N 4.78: found: 
C 69.82, H 5.23, N  4.53.
Poly I  ƒ 1 -[4-[ 1 ~(4-methoxyphenyl)-2,6-diphenyl-4-pyridinio]phenyl] - 
ethyl]iminomethylene tetrafluoroborate/  (11)
In a 1/1 mixture o f  chloroform and methanol,  1.5 g (2.7 m m ol)  o f  
isocyanide and 5 mg (0.02 mmol) o f  NiCl • 6 H 20  were dissolved.  
This solution was evaporated under vacuum and the residue taken  
up in 10 ml o f  chloroform. After standing at room temperature for 
24 h. the dark reaction mixture was partially evaporated (5 ml) and 
added dropwise to a well-stirred mixture o f  methanol/water (250  
and 50 ml) upon which the polymer separated as a yellowish-brown,  
(locky solid. The product was collected by filtration, washed with 
methanol/water, methanol,  and finally with ether. After drying 
under vacuum over P^Os , the yield was 1.3 g (86%): [r|] 0.062 dl/g. 
IR (KBr): 1630 (C N )  c m “ 1. ’H N M R  (C D C I3): 5 1.7 (br, Av^ 30 
Hz, 3 H ,  C H 3), 3.65 (br, Av^ 12 Hz, 3 H ,  O C H 3), 6 .3 -S .5  (br, 2 0 H ,  
ArH); CH proton not visible. Anal. calcd. for 
C 3, H , 7N . O B F 4 • l C H 3OH: C 69.64, H 5.33, N 4.78; found: 
C 69.73, H 5.18, N 4.67.
Poly I  /1-/4-1 l-(4-oxidophenyl)-2.6-diphenyl-4-pyridinio]phenyl]ethyl]- 
iminomethylene] (12)
Demethylation o f  the m ethoxy group was achieved by adding drop- 
wise a solution o f  1.0 g (1.9 mmol)  o f  polymer 11 in 20 ml o f  
methylene chloride to 4 g (16 m m o l) o f  boron tribromide in 20 ml o f  
methylene chloride at 0 °C .  Almost immediately, a precipitate was  
formed. After standing at room temperature for 3 days, 25 ml o f  
methanol was carefully added. The hom ogeneous  brown solution  
thus obtained was concentrated and the yellow-brown residue dis­
persed in a mixture o f  methanol/water before being added to an 
excess  o f  aqueous N a O H ,  while stirring. The mixture darkened  
immediately and part o f  the polymer was passed into solution.  
Excess base and salts were removed from polymer 12 by dialysis. 
After concentrating the mixture, a brown-black powder was  
obtained which appeared to be insoluble in com m only  used organic  
solvents. Yield 0.55 g (1.22 mmol,  4 aq. 1.05 mmol: 55%). IR (KBr):  
3400, 1650 (C = N),  1620 c m " 1. Anal. calcd. for 
C 33H 24N 20  • 3.5 H , 0 :  C 74.54, H 6.06, N 5.43, 0 1 3 . 9 6 ;  found: 
C 74.8, H 5.4, N  5.8, O 14.0.
4-(4-Methoxyphenyl)-2,6-diphenylpyrylium tetrafluoroborate (13)
A mixture o f  34.4 g (0.25 mol) o f  4-m ethoxybenzaldehyde, 62 g (0.5 
mol) o f  acetophenone and 87 ml o f  PO Cl3 was warmed for 3 h on 
a waterbath o f  50 : C. Most o f  the excess  POCl3 was evaporated  
under vacuum and the residue was carefully diluted with 1 1 o f  
ethanol. The bright-red solution was heated until it refluxed and 
100 ml o f  35% H B F 4 was added. Upon cooling, the mixture, a 
yellow to orange solid, separated. The product was collected by 
filtration and recrystallized from ethanol and ether. The yield o f  
yellowish-orange product was 36.5 g (34% ); m.p. 227°C .  IR (KBr):  
1630, 1590, 1050 c m - ' .  'H N M R  ( D M S O < ) :  5 3.95 ( s ,3 H ,  O C H 3), 
7.20 (d, 2H , ArH), 7 .6-7 .9  (m, 6H, ArH), 8 4 - 8 . 7  (m, 6H, ArH),  8.9 
(s, 2H , ArH).
l-(4-Acetylphenyl)-4-(4-methoxyphenyl)-2,6-diphenylpyridinium
tetrafluoroborate (14)
A well-stirred mixture o f  12.8 g (30 m m ol)  o f  pyrylium com pound 13,
6.1 g (4 5  mmol) o f4 -am in oacetop h en on e  and 5.5 g o f  sodium acetate  
in 120 ml o f  ethanol was refluxed. After 15 min, a deep-red h o m o ­
geneous solution was obtained. Heating was continued for 10 h 
during which time a pale-yellow precipitate was formed. The
R. Wizinger, S. Losinger and P. Ulrich, Helv. Chim. Acta 39, 
5 (1956).
11 M. Gates and G. Tschudi, J. Am. Chem. Soc. 78, 1380 (1956).
I_ I. Fleming and D. H. Williams in “Spectroscopic M ethods in 
Organic Chemistry”, M cGraw-Hill  Publishing Com pany Ltd., 
London, 1966, p. 36.
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reaction mixture was cooled and the precipitate collected by fil­
tration. The crude product was dissolved in boiling acetonitrile and 
filtered while hot. After adding ethanol and ether to the filtrate, 
crystallization occurred. The yield o f  pale-yellow crystals was 12.8 g 
(78% ); m.p. 232°C .  IR (KBr): 1680, 1620, 1590, 1050 c m " 1. 'H  
N M R  (D M S O - i /6); 5 2.46 (s, 3 H ,  C H 3), 3.95 (s, 3 H ,  O C H 3),
7 . 2 - 7 . 8  (m, 16H, ArH), 8.47 (d, 2 H ,  ArH),  8.68 (s, 2 H ,  ArH).  
Anal, calcd. for C 32H 26N 0 2 • B F 4 : C 70.73, H 4.82, N 2.58, O 5.89, 
B 1.99, F 13.99; found: C 70.53, H 4.86, N 2.66, 0  7.7, B 1.83, 
F 13.57.
I -[4-(l -Formamidoethyl)phenylj-4-(4-methoxyphenyl)-2,6- 
-diphenylpyridinium tetrajluoroborate (15)
In a mixture o f  40 g o f  formamide and 90 ml o f  formic acid, 10.8 g 
(20 m m ol)  o f  14 was dissolved. The temperature o f  this solution was  
gradually raised to 1 7 0 - 1 7 5 °C  and maintained at this temperature  
for 14 h. Subsequently, the mixture was poured out into 200 ml o f  
aqueous 2% N a B F 4 . The product was extracted with chloroform  
(3 x 100 ml), dried over N a 2S 0 4 and the solvent evaporated. The  
resulting foam consisted partly o f  ketone, making it necessary to 
repeat the above described procedure. Work-up afforded 9.8 g 
(86% ) o f  a dry, light-yellow foam which liquified between 125 and 
130°C; recrystallization from methanol/ether afforded white  
crystals, m.p. 1 8 0 - 1 8 4 CC. IR (KBr): 1675, 1620, 1595, 1050 c m ' 1. 
'H N M R  (CDC13): 1.18 (d, 3H, C H 3), 3.80 (s, 3H, O C H 3), 4.83 (m,  
1H, C H ),  6 . 8 - 7 4  (m, 18H, ArH ),  7.7-8.1 (m, 4H , ArH and 
N H C O H ). Anal, calcd. for C 33H , 9N , 0 ,  * B F 4 : C 69.24, H 5 . l l ,  
N 4.90, 0  5.59, B 1.89, F 13.28; found: C 68.50, H 5 .3 1 ,  N 4.75,  
0  6.5, B 1.88, F 12.54.
l-/4-(l -IsocyanoethyOphenyl]-4-(4 -methoxyphenyl)-2,6-diphenyl- 
pyridinium tetrajluoroborate (16)
In 25 ml o f  methylene chloride, 2.2 g (3.8 mmol)  o f  15 and 2.4 g (23 
mmol) o f  N-methylmorpholine were dissolved. At - 3 0 ° C ,  a 
solution o f  1.4 g (9 mmol)  o f  phosphorus oxychloride in 10 ml o f  
methylene chloride was added dropwise over 15 min. The mixture 
was stirred for 3 h at a temperature between -  10 and 0 ° C  and for 
a further hour at room temperature. Then, 50 ml o f  an aqueous  
solution containing 2.5 g o f  N a 2C 0 3 and 2 g o f  N a B F 4 was added.  
The organic layer was separated and the aqueous phase extracted  
twice with cloroform (2 x 50 ml). The combined organic layers were  
w ashed  with aqueous 2% N a B F 4 and dried over N a 2S 0 4 . After 
evaporating the solvent under vacuum, an orange syrup remained.  
This residue was chromatographed over a short column o f  neutral 
A120 3 , using acetonitrile/ethyl acetate as eluent. In this way, 1.75 g 
(83% ) o f  a yellow, sticky solid was obtained. Crystallization from 
methanol afforded white crystals; m.p. 2 0 0 °C. IR (KBr): 2140 (N C ),  
1625, 1595, 1 0 5 0 c m - 1. 'H N M R ( C D C 1 3) : 5 1 .42(d, 3H, C H ,) ,  3.87 
(s, 3H, O C H 3),4 .64  (m, 1H, CH), 6 .9-7 .5  (m, 16H, A rH ) and 1.1-1.9 
(m, 4 H ,  ArH). Anal, calcd. for C 33H^7N^O • B F 4 : C 71.49, H 4.91,  
N 5.05, B 1.95, F 13.71; found: C 70.30“ H 4.98, N 4.95, B 1.83, 
F 13.52.
Poly I  /  l-/4-[4-(4-methoxyphenyl)-2,6-diphenyl-1 -pyridinio]phenyl] - 
ethyl]iminomethylene tetrajluoroborate] (17)
To a solution o f  5 mg (0.02 mmol) o f  N iC l2 - 6 H 20  in 10 ml o f  
methanol was added 1.5 g (2.7 mmol) o f  16 dissolved in 10 ml o f  
chloroform. In order to remove the methanol in this mixture the 
solution was concentrated under vacuum and the residue dissolved  
in 10 ml o f  chloroform. This solution was allowed to stand at a 
temperature o f  between 5 5 - 6 0  C for a week. The mixture was  
concentrated by evaporation to a volume o f  5 ml. This concentrate  
was added dropwise to a well-stirred mixture o f  methanol and ether 
which resulted in a yellowish-brown, flocky precipitate which was  
isolated by filtration. After drying under vacuum over P20 5 , 1.2 g
(80% ) o f  a yellowish-brown powder remained; [q] 0.035 dl/g 
(CHC13 , 30 .00°C). IR (KBr) 1630 (shoulder, C N J c m ' 1. 'H N M R  
( D M S O - d 6/C D C l3): 5 ~  1.0 (br, Av^ ~  100 H z,  3H, C H 3), 3.9 (br, 
s, Av^ 6 H z,  3H, O C H 3), 6 .5 -7 .7  (br, 16H, ArH ),  7 .8 -8 .2  (br, 4 H ,  
ArH).
Poly//1-/4-/4-(4-oxidophenyl)-2,6-diphenyl-1 -pyridinio]phenyl/- 
ethyl/iminomethylene] (18)
A solution o f  0.6 g ( 1 .1 mmol) o f  17 in 10 ml o f  methylene chloride  
was added dropwise to 2 g (8 mmol) o f  boron tribromide in 10 ml 
o f  methylene chloride at 0°C . Within one hour, a precipitate had 
formed. The mixture was maintained at room temperature for
3 days. The excess  BBr3 was destroyed by carefully adding 50 ml 
o f  methanol containing 5% o f  water. The yellowish-brown precipi­
tate was collected by filtration. A sample was washed with 
M e 0 H / H 20  and dried under vacuum over P2O s . A 'H N M R  spec­
trum ( D M S O - i / J  showed the absence o f  the O C H 3 group. The solid 
was dispersed in a solution o f  0.5 g sodium methanolate in 30 ml o f  
methanol. The colour o f  the suspended solid changed from 
yellowish-brown to an intense orange-red. The mixture was stirred 
for { h, after which time 10 ml o f  water was added. The remaining  
solid was collected by filtration, washed with water, methanol and 
finally with ether. The resulting dry powder (450 mg 90% ) was  
bordeaux-red in colour and did not melt upon heating to 3 0 0 °C. IR 
(KBr): 1625 (C N ) ,  1560, 1350, 1250, 1 170 c m " 1. Anal, calcd. for 
C 32H 24N 20 :  C 84.93, H 5.35, N 6.19, O 3.54; found: C 78, H 5, N 6,
O 8.8. The same polymer gave different analytical results, indicating 
that elemental analysis is not a reliable characterization method in 
this particular case.
4-/1 -(4-Methvlphenyl)-2,6-phenyl-4-pyridinium/phenolate (19)
A stirrred mixture o f  4 g (9.4 mmol) o f  the pyrylium com pound 13,
2.2 g (20 mmol)  o f  4-methylaniline and 2.5 g o f  sodium acetate in 
60 ml o f  ethanol was refluxed. Within an hour, a clear red solution  
was obtained. After heating for 8 h, the mixture was acidified with 
a few ml o f  aqueous H B F 4 . The hom ogeneous solution thus 
obtained was cooled to ~ 5 ° C .  The pale yellow crystals were  
collected by filtration, washed with ethanol, water and ethanol/ether,  
respectively, and dried under vacuum over P2O s. Yield o f  4-(4-me-  
thoxyphenyl)-2,6-diphenyl-l-(4-methylphenyl)pyridinium tetra-
tluoroborate 4 g  (82% ); m.p. 1 8 0 -184°C .  IR (KBr): 1625, 1595, 
1050 cm -  1H N M R  (D M S O -i /6): 5 2.05 (s, 3H, C H 3), 3.80 (s, 3H,  
O C H 3), 6 .7-7.3  (m, 16H, ArH), 8.2 (d, 2H, ArH), 8.35 (s, 2H, ArH).  
The com pound was O-demethylated using the following proce­
d u re11: 2.5 g (4.8 mmol) o f  the methoxy com pound and 15 g o f  
pyridine HC1 were mixed and heated to 120°C for 30 min. The  
colour o f  the mixture changed from pale-yellow to dark red. After 
cooling, the mixture was diluted with water. The yellow precipitate 
which formed was collected by filtration and washed with water. The  
solid was taken up in an excess  o f  5% aqueous N a O H  and the 
mixture extracted three times with C H 2C12 . The combined extracts  
were w ashed  with water and dried over N a 2S 0 4 . After filtration and 
evaporation, 1.85 g o f  a red-purple solid remained ( ~ 9 0 % ) .  Crystal­
lization from acetonitrile afforded purple needles, m.p. >  3 0 0 3C. IR 
(KBr): 1570, 1350, 1260, 1170 c m - 1. 'H N M R  ( D M F -d 7): 5 2.10 (s, 
3H, C H 3), 6.1 (d, 2H),  6 .7 -8 .0  (m, 18H).
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